(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 281 931 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) int CI 7: G01B 9/02, G01M 11/02, 


05.02.2003 Bulletin 2003/06 


fiMR 11 19 A 


(21) Application number: 02255376.2 




(22) Date of filing: 31 .07.2002 




(84) Designated Contracting States: 


(72) Inventor: Ina, Hideki, Canon Kabushiki Kaisha 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Tokyo (JP) 


IE IT LI LU MCNLPTSESKTR 




Designated Extension States: 


(74) Representative: 


AL LT LV WIK RO SI 


Beresford, Keith Denis Lewis et al 




BERESFORD & Co. 


(30) Priority: 01.08.2001 JP 2001233125 


2-5 Warwick Court, 




High Holborn 


(71) Applicant: CANON KABUSHIKI KAISHA 


London WC1R5DH (GB) 


Tokyo (JP) 





(54) Interferometer using an aspherical wavefront for measuring aspherical surfaces 



(57) Disclosed is an interferometer that enables 
high-speed and high-precision measurement of a sur- 
face shape of an article and a method of producing such 
interferometer. Also disclosed is a method of measuring 
a surface shape of an article by use of such interferom- 



eter. The interferometer includes an optical system hav- 
ing an optical element being effective to make, into an 
aspherical wave, a wavefront of light to be projected on 
the article to be inspected, and also being arranged to 
be replaceable by another optical element. 
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Description 

[0001] This invention relates generally to an interfer- 
ometer for measuring a surface shape and to a method 
of measuring a surface shape by use of an interferom- 
eter. More particularly, the present invention is suitable 
for high-speed and high-precision measurement of a 
three-dimensional shape of an article to be inspected, 
having an aspherical shape, for example. 
[0002] As regards shape measuring apparatuses for 
performing high-precision and three-dimensional meas- 
urement of the shape of an article to be inspected, there 
are three-dimensional shape measuring apparatuses 
using a Fizeau interferometer (plane wave is used as 
an inspection wavefront). Many machines of this type 
are currently commercially available. 
[0003] Figure 3 is a schematic view for explaining a 
basic structure for measuring the shape of a planar ob- 
ject by use of a conventional Fizeau interferometer. 
Light source 1 0 comprises a laser such as He-Ne laser, 
for example, and light from the light source 10 is trans- 
formed into a plane wave, being expanded in diameter 
by means of a beam expander 11. After this, the light 
passes through a half mirror 12. Thus, the plane wave 
functions as a measuring wavefront, and it irradiates an 
object 14 to be inspected. Disposed between the half 
mirror 12 and the object 14 is a reflection member 13 
for obtaining reference light. One surface of the reflec- 
tion member 13 is set so as to reflect, with respect to a 
certain measurement wavelength, a half or less of the 
light (e.g., 30%) and also to transmit a half or more of 
the light (e.g., 70%) therethrough. The light transmitted 
through the reflection member 13 is incident on the ob- 
ject 1 4. The light reflected thereby as measurement light 
having information regarding the object 14, is again in- 
cident on the reflection member 13. Both of reference 
light which is directly reflected back from the reflection 
member 13 and measurement light reflected from the 
object 14, are then reflected by the half mirror 12, such 
that interference fringe is produced on an image pickup 
device 15 such as a CCD camera, for example. By 
processing the produced interference fringe, thesurf ace 
shape of the object 14 can be detected. 
[0004] The visibility which is influential to the meas- 
urement precision, that is, the contrast of the interfer- 
ence fringe, depends on the intensity ratio between the 
reference light directly reflected from the reflection 
member 1 3 and the measurement light as reflected from 
the object 14, both upon the image pickup device 15. 
When these lights have the same intensity, the contrast 
becomes highest. Therefore, there are cases wherein 
reflection members 1 3 of different reflectivities are used 
selectively so that two lights which interfere with each 
other in accordance with the reflectivity of the object 1 4 
may have the same intensity. 
[0005] Fizeau interferometer may be applied to meas- 
urement of a spherical surface. Figure 4 shows a struc- 
ture for measuring the shape of a concave surface, as 



an object 1 7 to be inspected. There are laser 1 0, beam 
expander 11 , half mirror 12 and image pickup device 15 
all of which have the same structure as of those shown 
in Figure 3, and thus only a reflection member 13 and 

5 some components following it for obtaining reference 
light are illustrated in Figure 4. Since the wavefront of 
light projected for inspection onto the object to be in- 
spected should be spherical wave, in the structure of 
Figure 4, a condensing lens 16 is used to produce a 

10 spherical wave which is projected on the concave sur- 
face 17 (surface to be inspected) to enable measure- 
ment of spherical surface shape. 
[0006] Fizeau interferometers can be used also in 
transmission wavefront measurement of a high-per- 

15 formance optical system. Figure 5 shows the structure 
for measuring transmission wavefront of an objective 
lens. Also in the case of Figure 5, since there are beam 
expander 1 1 , half mirror 1 2 and image pickup device 1 5 
having the same structure as of Figure 3, only a reflec- 

20 tion member 13 and some components following it for 
obtaining reference light are illustrated. In the structure 
illustrated, a plane wave transmitted through the reflec- 
tion member 1 3 enters an objective lens 1 8 which is the 
article to be inspected. After passing the objective lens 

25 18, it is once imaged and then a spherical wave is 
formed. This spherical wave is reflected by a tool mirror 
19. The reflected light (measurement light) again pass- 
es through the objective lens 18, and it interferes with 
reference light directly reflected by the reflection mem- 

30 ber 1 3, whereby an interference fringe is produced. By 
processing the thus produced interference fringe, the 
transmission wavefront of the objective lens 1 8 can be 
detected. 

[0007] As a measuring system for exclusive use in 
35 measurement of a spherical shape, there is a method 
which uses Michelson interferometer. Products of per- 
forming high-speed focus adjustment in formation of in- 
terference fringe are already commercially available. 
[0008] As described above, planar shape and spher- 
40 ical shape can be measured in the manner having been 
described with reference to Figures 3 and 4, in a non- 
contact method and at high speed and high precision. 
[0009] After the interference fringe is produced, the 
reference wave is tilted (in the case of Fezeau interfer- 
es ence) or the optical path length of the reference light is 
changed (in the case of Michelson interferometer) , and 
various processes are carried out to detect the actual 
shape. Since various signal processing algorithms to be 
used to determine the shape are known in the art, de- 
50 scription thereof will be omitted in this specification. 
[0010] As described above, measurement of the 
shape of a surface to be inspected, based on interfer- 
ence of light, enables non-contact and high-speed and 
high-precision measurement. For this reason, there are 
55 many commercial products already developed to do it. 
[0011] However, if a plane is considered as a spheri- 
cal surface having a curvature center at an infinite, it can 
be said that the shape that can be measured by con- 
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ventional systems is limited to spherical shape. The 
shape of an article having a large aspherical amount can 
not be measured by the structure such as shown in Fig- 
ure 3 or 4. This is because the restriction that the wave- 
front as the measurement light is incident on the article 
to be inspected is plane wave in the case of Figure 3 
and it is spherical wave in the case of Figure 4. At a 
position where the aspherical amount of the article to be 
inspected is large and the aspherical amount changes 
suddenly by a quantity not less than a half of the inspec- 
tion wavelength, there are dark fringes closely juxta- 
posed with each other. Thus, fringes are not separated, 
and the measurement is no more attainable. High-pre- 
cision measurement is not accomplished. 
[0012] In consideration of it, currently, where an article 
having a large aspherical amount is to be measured, a 
system which is based on a mechanical contact probe, 
called a three-dimensional coordinates measuring ma- 
chine (CMM), is used. Although contact probe method 
enables detection of aspherical surface to some extent, 
it can not accomplish non-contact, high-speed and high- 
precision measurement, which is a technical advantage 
of interferometer measurement. 
[001 3] It is accordingly an object of the present inven- 
tion to provide a shape measuring method and/or a 
shape measuring system that enables high-speed and 
high-precision measurement of the shape of an article 
to be inspected. 

[0014] In accordance with an aspect of the present in- 
vention, there is provided an interferometer for measur- 
ing a surface shape of an article to be inspected, com- 
prising: an optical system for projecting light upon the 
article; wherein said optical system includes an optical 
element being effective to make, into an aspherical 
wave, a wavefront of light to be projected on the article, 
and being arranged to be replaceable by another optical 
element. 

[0015] In one preferred form of this aspect of the 
present invention, said optical element is disposed at a 
pupil plane of said optical system. 
[0016] The interferometer may furthercomprise a ref- 
erence light producing member for producing reference 
light, wherein said optical element may be optically 
placed between said reference light producing member 
and the article to be inspected. 
[0017] Said optical system may have an exit pupil at 
the article side which may be disposed at an infinite po- 
sition. 

[0018] The article may have an aspherical surface 
shape, wherein, at each position on the surface of the 
article, light may be perpendicularly incident on the ar- 
ticle surface. 

[0019] Said optical element may be of transmission 
type, or of reflection type. It may be a binary optics. 
[0020] In accordance with another aspect of the 
present invention, there is provided an interferometerfor 
measuring a surface shape of an article to be inspected, 
comprising: an optical system for projecting light upon 



the article; wherein said optical system includes a mirror 
having a variable surface shape and being effective to 
make, into an aspherical wave, a wavefront of light to 
be projected on the article. 

5 [0021] In one preferred form of this aspect of the 
present invention, said mirror is disposed at a pupil 
plane of said optical system. 
[0022] The interferometer may furthercomprise a ref- 
erence light producing member for producing reference 

10 light, wherein said mirror may be optically placed be- 
tween said reference light producing member and the 
article to be inspected. 

[0023] Said optical system may have an exit pupil at 
the article side which may be disposed at an infinite po- 
15 sition. 

[0024] The article may have an aspherical surface 
shape, wherein, at each position on the surface of the 
article, light may be perpendicularly incident on the ar- 
ticle surface. 

20 [0025] The interferometer may further comprise a ref- 
erence light producing member for producing reference 
light and a processing system for processing an inter- 
ference fringe to be produced by interference between 
the reference light from said reference light producing 

25 member and measurement light from the article inspect- 
ed, wherein measurement using said variable surface 
shape mirror may be initiated from a calibration state in 
which a driving amount for said variable surface shape 
mirror is zero, and wherein the measurement of the 

30 shape of the article may be carried out on the basis of 
the driving amount as said variable surface shape mirror 
is deformed by the driving and the interference fringe is 
made into one color. 

[0026] In accordance with a further aspect of the 

35 present invention, there is provided an interferometerfor 
measuring a surface shape of an article to be inspected, 
comprising: an optical system for projecting light upon 
the article; wherein said optical system includes an op- 
tical element disposed at a pupil plane and being effec- 

40 tive to make a wavefront of the light into an aspherical 
wave, and wherein said optical system has an exit pupil 
at the article side which is at an infinite position. 
[0027] In accordance with a yet further aspect of the 
present invention, there is provided a Fizeau interferom- 

45 eter for measuring a surface shape of an article to be 
inspected, comprising: a beam expander for shaping 
light from a laser light source; a reference light produc- 
ing member for reflecting a portion of light from said 
beam expander to produce reference light; an optical 

50 system for directing light, passed through said reference 
light producing member, to be incident on the article, 
thereby to produce measurement light; and an image 
pickup device for detecting an interference fringe to be 
produced by interference between the reference light 

55 and the measurement light from the article; wherein said 
optical system includes an optical element being effec- 
tive to make a wavefront of light to be projected on the 
article, into an aspherical wave. 
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[0028] In accordance with a still further aspect of the 
present invention, there is provided a Michelson inter- 
ferometer for measuring a surface shape of an article to 
be inspected, comprising: a beam expander for shaping 
light from a laser light source; a beam splitter f or dividing 
light from said beam expander into two light beams; an 
optical system for directing one of the two light beams 
to be incident on the article, thereby to produce meas- 
urement light; and an image pickup device for detecting 
an interference fringe to be produced by interference be- 
tween measurement light from the article and reference 
light provided by the other light beam; wherein said op- 
tical system includes an optical element being effective 
to make a wavefront of light to be projected on the arti- 
cle, into an aspherical wave, and being arranged to be 
replaceable by another optical element. 
[0029] In accordance with a yet further aspect of the 
present invention, there is provided a method of meas- 
uring a surface shape of an article by use of an interfer- 
ometer, comprising the steps of: projecting light through 
an optical element onto the article, thereby to produce 
measurement light, the optical element being effective 
to make a wavefront of light to be incident on the article, 
into an aspherical shape; producing reference light; pro- 
ducing an interference fringe by causing interference 
between measurement light from the article and the ref- 
erence light; and replacing the optical element by an- 
other optical element. 

[0030] In accordance with another aspect of the 
present invention, there is provided a method of produc- 
ing an aspherical surface mirror, comprising the steps 
of: preparing a material for the mirror; processing the 
material; and measuring a surface shape of the proc- 
essed material, in accordance with a method as recited 
above. 

[0031] In accordance with a still further aspect of the 
present invention, there is provided a method of produc- 
ing an aspherical surface mirror, comprising the steps 
of: preparing a material for the mirror; processing the 
material; and measuring a surface shape of the proc- 
essed material by use of an interferometer having an 
optical system for projecting light upon the processed 
material, wherein the optical system includes an optical 
element being effective to make, into an aspherical 
wave, a wavefront of light to be projected on the proc- 
essed material, and being arranged to be replaceable 
by another optical element. 

[0032] In accordance with a yet further aspect of the 
present invention, there is provided a method of produc- 
ing an aspherical surface mirror, comprising the steps 
of: preparing a material for the mirror; processing the 
material; and measuring a surface shape of the proc- 
essed material by use of an interferometer having an 
optical system for projecting light upon the processed 
material, wherein the optical system includes a mirror 
having a variable surface shape and being effective to 
make, into an aspherical wave, a wavefront of light to 
be projected on the processed material. 



[0033] In accordance with these aspects of the 
present invention, an aspherical surface element may 
be introduced by which, as an advantage of an interfer- 
ometer, high-speed and high-precision measurementto 
5 an article having an aspherical surface can be accom- 
plished easily. 

[0034] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
10 the preferred embodiments of the present invention 
which are described by way of example only taken in 
conjunction with the accompanying drawings. 

Figure 1 is a schematic view of an interferometer 
is according to a first embodiment of the present in- 
vention, using an aspherical surface plate. 
Figure 2 is a schematic view of an interferometer 
according to a second embodiment of the present 
invention^ using an adaptive mirror. 
20 Figure 3 is a schematic view of a conventional 
Fizeau interferometer for plane surface measure- 
ment. 

Figure 4 is a schematic view of a conventional 
Fizeau interferometer for spherical surface meas- 
25 urement. 

Figure 5 is a schematic view of a conventional inter- 
ferometer for measurement of transmission wave- 
front as of an objective lens, for example. 

30 [0035] Preferred embodiments of the present inven- 
tion will now be described with reference to the attached 
drawings. 

[0036] Figure 1 shows a shape measuring system ac- 
cording to a first embodiment of the present invention, 

35 for performing inspection of the shape of an aspherical 
surface mirror 2 in which a certain aspherical amount 
has been added to or combined into a spherical surface 
having a predetermined curvature. 
[0037] Specifically, Figure 1 shows a measuring sys- 

40 tern using a Fizeau interferometer like that of Figure 3, 
and there are He-Ne laser 10, beam expander 1 1 , a half 
mirror 1 2 and image pickup device 1 5. An article 2 to be 
inspected is irradiated with light from the laser 10, like 
in the conventional example. The structure shown in 

45 Figure 1 is similar.to that of Figure 3 in that a reference 
light reflecting member 1 3 (providing a standard for the 
Fizeau interferometer) and an optical system 3 are dis- 
posed along a measurement light path between the half 
mirror 12 and the article 2 to be inspected. However, in 

so the structure of Figure 1, there is an aspherical plate 
(aspherical surface element) 1 inserted between the ar- 
ticle 2 and reflection member 1 3 for obtaining reference 
light, the aspherical surface plate having a shape corre- 
sponding to the shape of the article 2. Specifically, the 

55 aspherical surface element 1 is disposed at a pupil plane 
of the optical system 3 which serves to project light to 
be incident on the article 2. Without the aspherical plate 
1, the wavefront of light incident on the article 2 is a 
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spherical wave. However, with the addition of the as- 
pherical surface plate 1 , a desired aspherical shape is 
added to the wavefront of light incident on the article 2, 
An interference fringe is produced by reflection light 
from the article 2 and reflection light from the reflection 
member 1 3, and it is then detected by the image pickup 
device 15 such as a CCD camera, for example. By 
processing the detected interference fringe, the surface 
shape of the article can be detected. 
[0038] For measurement based on an interferometer, 
an aspherical surface wavefront has to be produced so 
that, at each position on the surface of the article 2, light 
is perpendicularly incident there. Once perpendicular in- 
cidence is assured, reflected light goes back along the 
same path of the oncoming incident light such that, un- 
less there is no error in the shape of the article 2, the 
interference fringe to be produced on the image pickup 
device 15 such as a CCD camera disappears (fringe- 
free) as called "one color" . Usually, the article 2 to be 
inspected has its aspherical surface expressed with re- 
spect to a coordinate system having a plane surface 
standard. Practically, however, an aspherical surface is 
produced by adding an aspherical amount to a mirror 
shape having a predetermined curvature. Thus, minute 
adjustment necessary for light from the He-Ne laser 1 0 
to be perpendicularly incident on each position on the 
article 2 surface is carried out by adjusting the shape of 
the aspherical surface plate 1 in accordance with the 
aspherical amount added. 

[0039] While the control of polarization state has not 
been described with reference to the structure of Figure 
1 , the half mirror 1 2 may be a polarization beam splitter, 
and a quarterwaveplate may be added between the po- 
larization beam splitter 1 2 and the reference light reflec- 
tion member 13, such that linearly polarized laser has 
its polarization direction registered with the transmission 
direction of the polarization beam splitter, as known in 
the art. Such structure can minimize the loss of light 
quantity. 

[0040] The structure of Figure 1 defines a system hav- 
ing a very wide applicability to various articles having a 
wide variety of aspherical shapes. When an article hav- 
ing a different aspherical shape is introduced, the as- 
pherical surface plate 1 is replaced by another aspher- 
ical surface plate 1 ' effective to produce a wavefront cor- 
responding to the aspherical surface shape of that arti- 
cle. 

[0041] Although, in the aspherical surface plate 1 of 
Figure 1 , the aspherical shape is actually produced by 
polishing, as an alternative, a wavefront having a de- 
sired aspherical shape may be produced by using an 
optica! element such as a binary optics, for example. 
Where a binary optics is to be used, since it needs a 
pattern to be simply formed on a parallel plate, compli- 
cated substrate shaping is unnecessary. 
[0042] In this embodiment, the aspherical plate 1 is 
disposed at a pupil plane of the optical system 3. Here, 
the optical system 3 is made telecentric on the exit side, 



that is, an exit pupil thereof is disposed at an infinite. 
[0043] With this arrangement, unwanted aberration 
such as coma, for example, due to the aspherical sur- 
face plate 1 can be reduced satisfactorily, and also the 

5 sensitiveness to the placement position becomes small. 
This is a significant advantage because, when the as- 
pherical plate 1 is replaced by another aspherical plate, 
the replacement is very easy. Further, where a telecen- 
tric lens is used, even if during laser replacement there 

10 occurs a shift of the optical axis of the laser 1 0 as a light 
source, it does not cause a change in shape of the as- 
pherical wavefront which is a standard wavefront to be 
projected on the article 2 to be inspected. The shift of 
optical axis of the laser would merely result in a shift of 

is the inspecting aspherical wavefront in a direction per- 
pendicular to the optical axis of the optical system of the 
interferometer. Therefore, a measurement error due to 
the shift of the laser optical axis can be corrected by 
adjustment for translationally moving the object 2 to be 

20 inspected, such that high precision measurement can 
be accomplished stably. 

[0044] The present invention can be embodied by us- 
ing a mirror 6 having a variable surface shape (which 
may be called an adaptive mirror) as shown in Figure 2, 
25 in place of the aspherical surface mirror. Such adaptive 
mirror system can provide an arbitrary aspherical 
shape. 

[0045] While the structure of Figure 3 is a Fizeau inter- 
ferometer, the system of Figure 2 using an adaptive mir- 

30 ror constitutes a Michelson interferometer. Light emitted 
from a He-Ne laser 10 (light source) is expanded in its 
beam diameter by a beam expander and, then, it enters 
a polarization beam splitter 4. Where a linear polariza- 
tion type laser is used as the He-Ne laser 10, if the po- 

35 larization direction is set within a plane being orthogonal 
to the sheet of the drawing and with a predetermined 
angle (e.g. 45 deg.) defined with respect to the sheet of 
the drawing, the laser light can be projected on the po- 
larization beam splitter 4, as a laser beam having an S- 

40 polarization component and a P-polarization compo- 
nent. The light incident on the polarization beam splitter 
4 and having a P-polarization component passes 
through the polarization beam splitter 4 and a quarter 
waveplate 5, and it is transformed into circularly polar- 

45 ized light and it impinges on the adaptive mirror 6. Re- 
flected light from the adaptive mirror 6 passes again 
through the quarter waveplate 5, whereby it is trans- 
formed into circularly polarized light. It is now reflected 
by the polarization beam splitter 4, toward the article 2 

so to be inspected. 

[0046] On the other hand, the light reflected by the 
polarization beam splitter 4 passes through another 
quarterwaveplate 5', whereby it is transformed into cir- 
cularly polarized light, which passes through an objec- 

55 tive lens 9 and irradiates the article 2 having an aspher- 
ical surface shape. The adaptive mirror 6 is disposed at 
a pupil plane of the objective lens 9. The light reflected 
by the article 2 passes again through the quarter wave- 
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plate 5', and then, as measurement light having P-po- 
larized component, it passes through the polarization 
beam splitter 4. 

[0047] As regards reference light, light initially Inci- 
dent on the polarization beam splitter 4 as S-polarized 
light and reflected thereby is used. Thus, in regard to 
the optical placement for the adaptive mirror 6, like the 
structure of Figure 1 , it is disposed between the article 
2 and the member (polarization beam splitter 4) for pro- 
ducing reference light for measurement of the aspheri- 
cal surface shape. 

[0048] Of the light from the beam expander 11, the 
reference light having been initially reflected by the po- 
larization beam splitter 4 as S-polarized light and the 
measurement light having passed through it as P-polar- 
ized light and then reflected back from the article 2 in- 
spected, differ from each other in respect to the polari- 
zation direction (i.e., P vs. S) and thus they do not inter- 
fere with each other. Thus, in the structure of Figure 2, 
an analyzer 2 is inserted to extract a polarization com- 
ponent in a predetermined direction, to cause interfer- 
ence, and the resultant is introduced into the image pick- 
up device 15. The interference fringe is thus formed on 
the image pickup device 15 such as a CCD camera. By 
performing a predetermined process known in the art to 
the thus produced interference fringe, the shape of the 
article 2 can be detected. 

[0049] Where the shape of the article 2 is known, a 
plurality of piezoelectric devices 7 disposed two-dimen- 
sionally may be actuated under the control of a CPU B, 
to deform the adaptive mirror 6 into a shape correspond- 
ing to an idealistic shape such as a design value, for 
example. In that occasion, the plane wave incident on 
the adaptive mirror 6 is transformed into a wavefront 
having an aspherical surface shape proportional to the 
deformation amount of the adaptive mirror 6. Since the 
adaptive mirror 6 can provide any arbitrary shape on the 
basis of the piezoelectric devices 7, measurement of the 
aspherical shape of the article 2 can be accomplished 
without the aspherical plate 1 used in Figure 1 (of 
source, it may be used). 

[0050] The adaptive mirror 6 may be used also for 
measurement of an article having an arbitrary aspheri- 
cal shape not known, with the arrangement shown in 
Figure 2. 

[0051] For measurement of an arbitrary shape, first, 
the measurement is initiated with the adaptive mirror 6 
put in a calibration state. More specifically, all the pie- 
zoelectric devices 7 disposed two-dimensionally are 
driven by the same driving amount to thereby put the 
adaptive mirror 6 into the state of a plane mirror. There- 
after, the position of the article with respect to the optical 
axis direction is adjusted, and the surface shape of the 
article is roughly measured. 

[0052] Then, on the basis of the result of rough meas- 
urement, the shape of the adaptive mirror 6 is changed. 
This operation for changing the shape of the adaptive 
mirror is continued until the interference fringe produced 



on the image pickup device 15 becomes "one color". In 
that occasion, if necessary, the position of the article 2 
in the optical axis direction may also be adjusted. On 
the basis of the shape of the adaptive mirror 6 and the 
5 position of the article 2 in the optical axis direction, at 
the moment whereat the interference fringe becomes 
"one color", the aspherical amount of the article 2 being 
inspected can be detected. 

[0053] With the procedure described above, the sur- 
10 face precision of an arbitrary aspherical surface can be 
inspected easily without provision of a special aspheri- 
cal plate. 

[0054] In accordance with a shape measuring system 
and a shape measuring method of the present invention, 

is an aspherical surface element may be disposed along 
a measurement light path, for measuring an article hav- 
ing an aspherical surface to be inspected. This assures 
perpendicular incidence of measurement light upon the 
surface of the article to be inspected, and it enables pre- 

20 cision measurement of the shape of the article by use 
of an interferometer. As a result, non-contact and high- 
speed and high-precision measurement of the shape of 
the article can be accomplished. 
[0055] The aspherical surface element to be used in 

25 the present invention may be either of transmission type 
or reflection type. 

[0056] Further, in accordance with the present inven- 
tion, an adaptive mirror may be used to produce an as- 
pherical surface by which, even if the shape of the article 

30 is not known, the surface shape measurement can be 
done with the precision of the interferometer. 
[0057] Also, the present invention is applicable also 
to production of an aspherical surface mirror. More spe- 
cifically, initially, a material of an aspherical surface mir- 

35 ror is prepared and, then, the material is processed by 
polishing, for example. Then, the surface shape of the 
thus processed material is measured by use of an inter- 
ferometer according to any one of the embodiments de- 
scribed hereinbefore. This procedure assures efficient 

40 production of aspherical surface mirrors. 

[0058] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 

45 come within the purposes of the improvements or the 
scope of the following claims. 

Claims 

50 

1 . An interferometer for measuring a surface shape of 
an article to be inspected, characterized by: 

an optical system for projecting light upon the 
55 article, wherein said optical system includes an 

optical element being effective to make, into an 
aspherical wave, a wavefront of light to be pro- 
jected on the article, and being arranged to be 
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replaceable by another optical element. 

2. An interferometer according to Claim 1 , 
wherein said optical element is disposed at a pupil 
plane of said optical system, and wherein said op- 
tical system has an exit pupil at the article side 
which is disposed at an infinite position. 

3. An interferometer according to Claim 1, further 
comprising abeam expander for shaping light from 
a laser light source, and a reference light producing 
member for reflecting a portion of light from said 
beam expander to produce reference light, wherein 
said optical system is arranged to project light, 
passed through said reference light producing 
member, to be incident on the article to be inspect- 
ed. 

4. An interferometer according to Claim 1, further 
comprising a beam expander for shaping light from 
a laser light source, and a beam splitter for dividing 
light from said beam expander into two light beams 
one of which provides reference light, wherein said 
optical system is arranged to project the other light 
beam to be incident on the article to be inspected. 

5. An interferometer according to Claim 1 , 
wherein said interferometer is of Fizeau type. 

6. An interferometer according to Claim 1 , 
wherein said interferometer is of Michelson type. 

7. An interferometer according to Claim 1, further 
comprising reference light producing member for 
producing reference light, wherein said optical ele- 
ment is optically placed between said reference 
light producing member and the article to be in- 
spected. 

8. An interferometer according to Claim 1 , 
wherein the article has an aspherical surface 
shape, and wherein, at each position on the surface 
of the article, light is perpendicularly incident on the 
article surface. 

9. An interferometer according to any one of Claims 1 

- 8, wherein said optica! element is of transmission 
type. 

10. An interferometer according to any one of Claims 1 

- 8, wherein said optical element is of reflection type. 

11 . An interferometer according to any one of Claims 1 

- 8, wherein said optical element is a binary optics. 

1 2. A method of measuring a surface shape of an article 
by use of an interferometer, characterized by the 
steps of: 



projecting light through an optical element onto 
the article, thereby to produce measurement 
light, the optical element being effective to 
make a wavefront of light to be incident on the 

5 article, into an aspherical shape; 

producing reference light; 
producing an interference fringe by causing in- 
terference between measurement light from 
the article and the reference light; and 

10 replacing the optical element by another optical 

element. 

13. A method of producing an aspherical surface mirror, 
characterized by the steps of; 

15 

preparing a material for the mirror; 
processing the material; and 
measuring a surface shape of the processed 
material, in accordance with a method as recit- 
20 ed in Claim 12. 

14. A method of producing an aspherical surface mirror, 
characterized by the steps of: 

25 preparing a material for the mirror; 

processing the material; and 
measuring a surface shape of the processed 
material by use of an interferometer as recited 
in Claim 1. 

30 

15. An interferometer for measuring a surface shape of 
an article to be inspected, characterized by: 

an optical system for projecting light upon the 
35 article, wherein said optical system includes a 

mirror having a variable surface shape and be- 
ing effective to make, into an aspherical wave, 
a wavefront of light to be projected on the arti- 
cle. 

40 

16. An interferometer according to Claim 15, further 
comprising a reference light producing member for 
producing reference light and a processing system 
for processing an interference fringe to be produced 

45 by interference between the reference light from 
said reference light producing member and meas- 
urement light from the article inspected, wherein 
measurement using said variable surface shape 
mirror is initiated from a calibration state in which a 

so driving amount for said variable surface shape mir- 
ror is zero, and wherein the measurement of the 
shape of the article is carried out on the basis of the 
driving amount as said variable surface shape mir- 
ror is deformed by the driving and the interference 

55 fringe is made into one color. 

1 7. A method of producing an aspherical surface mirror, 
characterized by the steps of: 
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preparing a material for the mirror; 
processing the material; and 
measuring a surface shape of the processed 
material by use of an interferometer as recited 
in Claim 15. 5 
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